Chen spp. nov. A key to all the species of the hani complex is provided based on morphological data. In addition, a 'molecular' key to seven species of this complex was also elaborated based on DNA sequences of the mitochondrial ND2 and COI genes. The relationships amongst these seven species, and their relationships to the Phortica magna and Phortica variegata species complexes, are analysed based on the ND2 and COI sequence data. The results suggest that the P. hani complex is monophyletic; the P. magna and P. variegata complexes are closer to each other than either is to the P. hani complex, and both are closer to the P. hani complex than the Phortica foliiseta species complex or the Phortica varipes species group.
INTRODUCTION
The species Phortica (Phortica) hani was first described from Yunnan, south-west China (Zhang & Shi, 1997) . This species was thought to morphologically resemble Phortica (Phortica) varipes Duda, 1926 from Sumatra, Indonesia and Phortica (Phortica) sobodo Burla, 1954 from Cameroon by Máca (2003) . However, Máca (2003) also indicated that P. hani is remotely related to the varipes group, as the surstylus of P. hani is not stick-like, and its aedeagal apodeme is not desclerotized apically. Recently, six new species of the subgenus Phortica, all strongly resembling P. hani, were discovered from high-elevation (c. 1600-2800 m) forest habitats in the Shennongjia Mountains in central China, and the Hengduan Mountains in south-west China. It is notable that these Chinese species, including P. hani, share a series of morphological properties with the rest of the subgenus Phortica except for P. varipes and P. sobodo: (1) thorax black, with grey pollinose pattern; (2) all tibiae with two or three dark grey rings (Figs 1-6); (3) sixth tergite not broadened; (4) epandrium not small, reaching ventral margin of other tergites (Figs 14, 16, 18, 20, 22, 24) .
Up to now, four species complexes and one species group have been established in the subgenus Phortica: the variegata complex (Máca, 1977) ; the foliiseta complex (Tsacas & Okada, 1983) ; the magna complex (Chen & Toda, 1997) ; the omega complex (Chen & Toda, 1998) ; and the varipes group (Máca, 2003) . Here, a new complex, hani species, is established by P. hani and the six new species mentioned above. The hani complex is strongly supported by the following five characters (as autapomorphies except for the first point): (1) arista with short dorsal branches (adf < 1.0; usually > 1.2 in Phortica), lacking ventral branches (Fig. 13) ; (2) wing R4+5 and M1 veins nearly parallel; (3) fifth sternite of male with dense setae, notched posteromedially ; (4) paramere with one spikelike process basally (Figs 15, 17, 19, 21, 23, 25) ; (5) aedeagus nearly membranous, basally fused to gonopods, distally with sensilla (Figs 15, 17, 19, 21, 23, 25) .
MATERIAL AND METHODS

TYPE MATERIALS FOR NEW SPECIES
All specimen examined were captured whilst hovering in front of collectors' eyes in the forest, and preserved in 70% ethanol. The type specimens were dried, pinned, and deposited in the following institutions: Kunming Institute of Zoology, Chinese Academy of Sciences, Kunming, China (KIZ); Department of Entomology, South China Agricultural University, Guangzhou, China (SCAU) and Systematic Entomology, the Hokkaido University Museum, Hokkaido University, Sapporo, Japan (SEHU).
SAMPLES FOR MOLECULAR PHYLOGENETIC ANALYSES
Samples used for the molecular phylogenetic study are listed in Table 1 . Each of the seven species of the hani complex is represented by one to seven individuals collected from the same or different localities. Máca (2003) , after examining the type specimens Phortica helva [described afterwards by Chen & Gao in Cheng et al. (2008) ], considered that this species should be included in the P. varipes group. Therefore, P. helva and one species from the foliiseta complex [i.e. Phortica speculum (Máca & Lin, 1993) ], were selected as outgroups in our phylogenetic analyses. To test the monophyly of the hani complex, two species, Phortica magna (Okada, 1960) and Phortica okadai (Máca, 1977) from the magna and variegata complexes, respectively, were also included as ingroup taxa. With respect to some morphological characters, both the latter two complexes are closer to the hani complex than the above outgroup taxa.
DNA EXTRACTION, AMPLIFICATION, AND SEQUENCING
Total DNA was extracted from a single fly by the phenol-chloroform method, or from a tiny amount of tissue sampled from preserved specimens following the method of Wen & He (2003) . The PCR cycle programme comprised an initial predenaturation at The 23 concatenated sequences of the ND2 and COI genes were aligned using the ClustalW (Thompson, Higgins & Gibson, 1994 ) method using the MegAlign 1.02 module in the DNAStar package (DNAStar Inc.). The alignment was 2565 (1026 for ND2 and 1539 for COI, respectively) nucleotide positions in length. The concatenated sequences of the two local samples of Phortica floccipes (i.e., P. floccipes SH3, SH4) show no variation across the whole alignment, and neither do the two sequences of P. hani (hani 1, 2), nor the three sequences of Phortica hirtotibia (hirtotibia 1, 2, and 3), whereas only one sequence for each group (floccipes SH4, hani 1, and hirtotibia 3, respectively) was selected, reducing the total sequence number for phylogenetic analyses to 19. The above alignment was used for diagnostic character (nucleotide position) selection and the DNA substitution model test, as well for phylogenetic reconstruction. Nucleotide positions in either the ND2 or the COI partitions of the alignment were selected as characters to diagnose different taxa in the P. hani species complex, and a 'molecular' key elaborated according to the method of Zhao, Gao & Chen (2008) .
PHYLOGENETIC RECONSTRUCTION
The nucleotide compositions in the sequences of the ND2 and COI data sets were calculated in MEGA4 (Tamura et al., 2007) . For all the following analyses, P. helva and P. speculum were used as outgroups. A Chi-square test of homogeneity of base frequencies across taxa was performed for ingroup + outgroup sequences, and also for ingroup sequences only. A partition homogeneity test (PHT; Farris et al., 1995) between the ND2 and COI sequences was performed with PAUP*4.0b10 (Swofford, 2001 ). The relevant reference about this test is supplied: Farris JS, Kallersjo M, Kluge AG, Bult C. 1995. Testing significance of incongruence. Cladistics 10: 315-319. Nucleotide substitution models were selected for the whole data matrix, as well as for the character sets partitioned by gene loci or by codon positions, using MODELTEST3.7 (Posada & Crandall, 1998) . Phylogenetic trees were constructed using the neighbor-joining (NJ), maximum parsimony (MP), and maximum likelihood (ML) methods in PAUP*4.0b10 (Swofford, 2001) , or using the Bayesian inferring (BI) method in MrBayes3.12 (Ronquist & Huelsenbeck, 2003) . In the NJ analysis, a ML estimator of distance was specified. In the MP analysis, the optimal tree was searched using the branch-and-bound algorithm, with the sequence of adding taxa specified as 'furthest'. The ML tree was searched by the heuristic method, with initial trees obtained by randomly adding taxa, and the Tree Bisection and Reconnection (TBR) algorithm was used in branch swapping. The confidence for each node in the NJ, MP, and ML trees was accessed by bootstrap analyses (1000 replicates for the NJ and MP analyses, but only 500 replicates for the ML analysis) with a heuristic search. To access the confidence of ML tree selection, multiple optimal constraint trees were inferred and site-wise likelihoods calculated in 
PAUP*4.0b10 (Swofford, 2001) for each constraint tree. The resulting scores of likelihoods were then subjected to an approximately unbiased (AU) test (Shimodaira, 2002) performed with the program CON-SEL0.1 (Shimodaira & Hasegawa, 2001 ). In the Bayesian analysis, characters were partitioned into six sets in light of their affiliations to gene loci and codon positions, and therefore specific models were assigned for each set; a starting tree was randomly selected and four chains were run; two independent runs were implemented in parallel. The sample frequency was specified as every 100 generations and the number of chains as four. Both runs were stopped after 1 000 000 generations, when the average deviation of split frequencies fell well below 0.01. Based on the changing of the likelihood values, 1000 early-phase samples were discarded, and a majority rule tree showing all the compatible partitions was obtained.
SYSTEMATIC ACCOUNT
PHORTICA HANI SPECIES COMPLEX
Diagnosis: Arista with short dorsal branches (adf < 1.0) and sparse micropubescence, lacking ventral branches (Fig. 13) ; wing R4+5 and M1 veins nearly parallel; fifth sternite with dense setae, notched posteromedially (Figs 6-12); cercus with two to three long, strong setae ventrally (Figs 14, 16, 18, 20, 22, 24) ; paramere with one spike-like process basally (Figs 15, 17, 19, 21, 23) ; aedeagus nearly membranous, basally fused to gonopods, distally with sensilla (Figs 15, 17, 19, 21, 23, 25) .
Description: Male. Head: eyes brown-red. Ocellar triangle black. Frons almost black, with grey pollinosity and a few thick setulae. Fronto-orbital plate brown. Pedicel brown. First flagellomere dark brown. Face almost black on upper part; brown on lower part; facial carina slightly developed. Clypeus yellow-brown medially, black laterally. Gena and postgena brown. Palpus yellow-brown. Occiput brown to black. Thorax: scutum almost black with dense grey pollinose pattern. Postpronotal lobe brownish yellow. Acrostichal setulae in about ten irregular rows. Scutellum black, submedially with silver-grey pollinosity and one pair of yellow patches. Wing: hyaline, slightly smoky, slightly darkened on R 2+3 and R4+5 vein tips, r-m and dm-cu crossveins. Legs: all femuera brown to black except yellow at knee joints; tibiae yellow with two to three black rings. Forefemur with three rows of long setae on posterodorsal to posteroventral surface. Abdomen: tergites dark brown to dark brown except second yellow medially; second to fourth with narrow, white bands along posterior margins and yellow-brown patches anterolaterally; sixth brown.
Male terminalia:
Epandrium not constricted middorsally, with pubescence and setae (Figs 14, 16, 18, 20, 22, 24) . Surstylus elongated, with several small setae distally. Cercus separated from epandrium, elongated ventrally, entirely pubescent and setigerous. Membrane between epandrium and cercus pubescent. Tenth sternite separated into lateral lobes. Hypandrium arched, apically slightly sunken, with one pair of apodeme processes on anterior portion; posterior ends contiguous to posterolateral corners of gonopods and anteroventral corners of epandrium (Figs 15, 17, 19, 21, 23, 25 Description: Male and female. Head: frons black, with grey pollinosity. Thorax: scutum almost black, with grey pollinose pattern. Scutellum black, with a pair of yellow patches submedially. Legs: hind tibiae with three black rings, three irregular rows of suberect setae on ventral surface, which are slightly shorter than tibia width ( Fig. 2A) , apically with one long curved seta (Fig. 2B ). All fourth and fifth tarsomeres black, the rest grey-yellow. Male terminalia: cercus with two strong setae (Fig. 14) . Surstylus medially In the following key to seven species of the P. hani complex, character statuses at diagnostic sites were compared between a given pair of taxa. Each status depiction starts with a letter denoting its affiliated gene (N: ND2; C: COI), followed by a number (in subscript) indicating the site positions in the sequences of the affiliated gene, and then by the codon position of the site (in parentheses and in subscript), the nucleotide type (after a colon), and the corresponding amino acid type (after a slash, all shown by standard three-letter abbreviations). No character was found to diagnose between P. floccipes and P. panda based on their ND2 or COI sequences. protrudent, with two rows of about seven to eight prensisetae, apically round, with four prensisetae (Fig. 14) . Paramere submedially with three small processes, two of them with sensillum, apically with one sensillum; basal process with fine sawteeth (Fig. 15) . Description: Male and female. Head: frons almost black. Face black on upper part, orange-brown on lower part. Thorax: blackish, with silver-grey pollinose pattern. Scutellum orange-brown, black along margin, with silver-grey pollinosity. Legs: hind tibia with two black rings, one row of about 11 long setae on anteroventral surface which are about as long as the tibia width (Fig. 3C) , basally with six thin, long setae on posteroventral surface that are 1.5 times longer than the tibia width (Fig. 3D) ; apically with one long seta (Fig. 3B ). All fifth tarsomeres black, the rest grey-yellow. Male terminalia: epandrium with much elongated ventral margin, covering surstylus (Fig. 16) . Cercus with three strong setae (Fig. 16) . Surstylus with four prensisetae apically (Fig. 16 ).
Measurements
Paramere submedially with one small process bearing Figures 13-15. Phortica floccipes Cao & Chen sp. nov., male. 13, arista; 14, epandrium (epand), surstylus (sur), cercus (cerc), and tenth sternite (st 10) (lateral view); 15, hypandrium (hypd), gonopods (gon), paramere (pm), aedeagus (aed), and aedeagal apodeme (aed a) (lateral view). Scale bars = 0.1 mm.
one sensillum, apically with one sensillum; basal process with fine sawteeth (Fig. 17) .
Measurements: BL = 3.85 mm in holotype (range in four male paratypes: 3.60-4.50); ThL = 1.70 mm (1.80-2.00); WL = 3.50 mm (3.45-3.80); WW = 1.50 mm (1.45-1.55). Etymology: A combination of the Latin words hirtus and tibia, referring to the hindleg tibia with long setae.
Indices
Distribution: China (Sichuan).
PHORTICA PINGUISETA CAO & CHEN SP. NOV. (FIGS 4, 18, 19) Material examined: Holotype male, CHINA: Weixi, Shangrila, Yunnan, 27.vii.2004, HW Chen (SCAU, No. 120003) .
Description: Male. Head: frons villiform black. Thorax: scutum and scutellum blackish, with dense silver-grey pollinose pattern. Legs: hind tibia with two black rings (Fig. 4) ; distally with one row of about eight strong setae on anteroventral surface, most of which are shorter than tibiae width (Fig. 4C) , basally with eight thin, long setae on posterior surface, these longer than 1.5 times the tibiae width (Fig. 4D) , apically with one long seta (Fig. 4B ). All fifth tarsomeres black, the rest grey-yellow. Male terminalia: epandrium much elongated ventral margin, covered with surstylus (Fig. 18) . Cercus with three strong setae (Fig. 18) . Surstylus with about seven prensisetae apically (Fig. 18) . Paramere with one process submedially, lacking sensilla; basal process with fine sawteeth (Fig. 19) .
Measurements: BL = 3.36 mm in holotype; ThL = 1.90 mm; WL = 3.25 mm; WW = 1.35 mm.
Indices: arb = 3/0, adf = 0.58, flw = 1.83, FW/HW = 0.50, ch/o = 0.14, prorb = 1.14, rcorb = 0.39, vb = 0.24, dcl = 0.54, presctl = 0.51, sctl = 1.08, sterno = 0.85, orbito = 1.73, dcp = 0.33, sctlp = 1.04, C = 2.63, 4c = 1.46, 4v = 2.80, 5x = 0.94, ac = 2.07, M = 0.68, C3F = 0.54.
Etymology: A combination of the Latin words pinguis and setea meaning strong setae, referring to the cercus with setae ventrally. Scutellum orange-brown, black along margin. Legs: hind tibiae with three black rings; subapically with two to three rows of short, scopiform setae on ventral surfaces (Fig. 5E ) and one very long apical seta (Fig. 5B) , lacking any long setae on ventral and posteroventral surface (Fig. 5) . All fifth tarsomeres black, the rest grey-yellow. Male terminalia: ventral margin of epandrium not elongated (Fig. 20) . Cercus with three strong setae (Fig. 20) . Surstylus with two prensisetae apically (Fig. 20) . Paramere mediobasally with a triangular projection, submedially with one small process, which bears one sensillum; basal process with fine sawteeth (Fig. 21) . Description: Male. Head: frons almost black. Face almost brown. Thorax: black with silver-grey pollinose pattern. Scutellum orange-yellow medially, black along margin, yellow at tip. Legs: hind tibia with three black rings, lacking any long setae (Fig. 6 ). All fifth tarsomeres black, the rest grey yellow. Male terminalia: epandrium elongated ventrally (Fig. 22) . Cercus with three long setae (Fig. 22) . Surstylus with one prensiseta apically (Fig. 22) . Paramere submedially with two small processes and two sensilla; basal process lacking fine sawteeth (Fig. 23) . Description: Male. Head: frons almost black. Thorax: Scutellum black, with dense silver-grey pollinosity, yellow at tip. Legs: hind tibia with three 3 black rings, lacking any long setae. All fifth tarsomeres black, the rest grey yellow. Male terminalia. Epandrium with elongated ventral margin (Fig. 24) . Cercus with two long setae (Fig. 24) . Surstylus with one prensiseta apically (Fig. 24) . Paramere submedially with two small processes and two sensilla; basal process lacking fine sawteeth (Fig. 25) .
Measurements
Measurements: BL = 3.25 mm in holotype; ThL = 1.60 mm; WL = 2.90 mm; WW = 1.25 mm. 
Indices
RESULTS OF PHYLOGENETIC ANALYSES SUMMARY OF THE DNA SEQUENCES
The nucleotide representations of the ND2 and COI sequences are shown in Table 3 . Either the ND2 or the COI sequences have much higher AT (81.9 and 70.1%, respectively) than GC contents, especially at the third codon positions (95.3 and 93.3%, respectively). The chi-square test of homogeneity of base frequencies revealed no heterogeneity across the 17 ingroup taxa (c 2 = 3.476; P = 1.000), and also across all the 19 taxa (c 2 = 6.167; P = 1.000).
PHT AND MODEL SELECTION
The PHT resulted in a P value of 0.869, indicating that no significant incongruence was found between the ND2 and COI data sets. According to the results of model selection by MODELTEST3.7 (Posada & Crandall, 1998) , the maximum likelihood settings in the NJ and ML analyses were: base frequencies (A, C, G, and T) = 0.3255, 0.1138, 0.1188, and 0.4419, respectively; substitution rates (A-C, A-G, A-T, C-G, C-T, and G-T) = 0. 4044, 17.3743, 11.6821, 1.5227, 59 .7368, and 1.0000, respectively; proportion of invariable sites (I) = 0.6545; gamma distribution shape parameter = 1.7021. The selected models for the six data partitions (nd2-1, nd2-2, nd2-3, coi-1, coi-2, coi-3; corresponding to the first, second, and third codon positions of the ND2 and COI loci, respectively) in the BI analysis were HKY + G, F81 + G, HKY + I, TrN + G, F81, and HKY + G, respectively. Accordingly, the parameters were set as: nst (number of substitution types) = 1 for nd2-2 and coi-2; 2 for nd2-1, nd2-3, and coi-3; 6 for coi-1; rates (rate variation across sites, and proportion of invariable sites) = gamma except for nd2-3 (propinv) and coi-2 (equal). The remaining parameters were estimated by the program.
PHYLOGENETIC RECONSTRUCTION
The phylogenetic trees constructed are shown in Figures 26-29 . All of them strongly support the closer relationship of the hani complex to the P. magna/P. okadai lineage (which is also strongly supported) than to either P. speculum or P. helva [bootstrap percentage (BP) = 94-100; posterior probability (PP) = 1.00], as well the monophyly of the P. hani species complex (BP = 100; PP = 1.00). The NJ, ML, and BI trees subdivide the hani complex into two species clusters, one consisting of P. longiseta, P. hirtotibia, and P. pinguiseta (BP = 66-77; PP = 0.88), the other consisting of P. floccipes, P. panda, P. hani, and P. longicauda (BP = 97-100; PP = 0.98). The MP tree differs from the other trees in the placement of P. longiseta, as it is clustered in the latter cluster, but the support is rather low (BP = 45). The four trees show a consistent relationship between P. hirtotibia and P. pinguiseta, as well as between P. hani and P. longicauda. The sequences of P. floccipes do not form a monophyletic assemblage: four of them (MS1, MS2, SH2, and SH3/ SH4) form a cluster with P. panda (BP = 92-96; PP = 1.00), whereas the remaining two (SH1 and SH5) form a tight pair (BP = 98-100; PP = 1.00), which groups with the above cluster of four other P. floccipes sequences and P. panda in the BI tree (PP = 0.93), or with the P. hani/P. longicauda lineage (BP = 67-71) in the other trees. However, the latter relationship is favoured by the result of the AU test (P = 0.994, which ranks first) on the 89 constraint topologies (generated by the constraints of collapsing the node consisting of P. floccipes MS1, MS2, SH2, SH3/SH4, and P. panda, as well the branch leading to P. floccipes SH1 and SH5 in the ML tree) (Fig. 28) .
DISCUSSION PHYLOGENETIC RELATIONSHIPS
Our phylogenetic analyses lend strong support to the monophyly of the hani complex, an assemblage of species characterized by a variety of morphological traits, especially in the arista, wing R4+5 and M1 veins, fifth sternite, cercus, paramere and aedeagus. Máca (2003) placed P. hani and P. sobodo as closer to the varipes group than to the other Phortica (s.s.), whereas our phylogenetic analyses strongly suggest that the magna and variegata complexes are closer to the hani complex than the foliiseta complex or the varipes group. This is in agreement with some morphological data from the present study. In addition, the closer relationship between the magna and variegata complexes than either is to the hani complex is also consistent with the morphological affinity between the former two -arista with long dorsal branches and numerous micropubescences, mostly with ventral branches; wing vein R 4+5 distally convergent with M1 vein; fifth sternite neither dense setae, nor notched posteromedially; cercus lacking long, strong setae ventrally; additional plate between cerci and tenth sternite present; paramere without spikelike process basally; aedeagus with more or less sclerotized median rod. The MP tree (Fig. 27) clusters P. longiseta with P. floccipes, P. panda and P. hani/P. longicauda. This relationship is only weakly supported (BP = 45), and is favoured only by the parsimony criterion, for which the evolutionary model of nucleotide substitution is implicit. Compared to this, the clustering of P. longiseta with P. pinguiseta and P. hirtotibia in the trees built with model-based methods, i.e. the NJ, ML, and BI trees, is more likely to reflect the true relationship of P. longiseta.
Small genetic divergences were found between P. pinguiseta and P. hirtotibia (p-distance = 0.002-0.005), between P. panda and P. floccipes (p-distance = 0.002-0.010), as well between P. hani and P. longicauda (p-distance = 0.005-0.006). However, diagnostic morphological characters were found to distinguish species from each other for each species pairs: P. pinguiseta differs from P. hirtotibia in the number, length, size and distribution of setae on the male hindleg tibia, and scutellum colour; P. panda differs from P. floccipes in the presence or absence of scopiform setae on the male hindleg tibiae, as well as in the number of prensisetae on surstylus; in contrast to P. hani, P. longicauda lacks long seta on the male hind tibiae, sawteeth on the basiphallus and the caudoventral group of two prensiseta on the surstylus. Therefore, the new species P. longicauda, P. panda, P. floccipes, P. hirtotibia, and P. pinguiseta seem to be morphologically well recognizable. Although the four haplotypes of P. floccipes, i.e., MS1, MS2, SH2, SH3/SH4, are paraphyletic with respect to P. panda, as are the two haplotypes of P. hirtotibia with respect to P. pinguiseta, these relationships can be attributed to stochastic lineage sorting and/or hybridization. The mean p-distance between the two clusters of the haplotypes of P. floccipes is 0.01. However, so far no diagnostic morphological characters have been found to distinguish the two clusters from each other. It is desirable to include samples from a wider geographical range in future studies to determine if the two clusters represent morphologically cryptic species. Further samples are also badly needed for evaluation of the morphological variability revealed in our results.
There are some conflicts between molecular and morphological data with respect to the relationship between P. longiseta and P. longicauda. Within the hani complex, the two species strongly resemble each other in the hindleg tibiae apically lacking long seta, surstylus apically with only one prensiseta, basal spike-like process of paramere lacking fine sawteeth, whereas our phylogenetic analyses suggest that they belong to different species clusters (Figs 26-29) . Taking into account the strong supports in the molecular phylogenetic trees, it is reasonable to consider these morphological similarities to be homoplasy.
BIOGEOGRAPHY
The subgenus Phortica is distributed mainly in the Oriental region, with its centre of species diversity in the south-west part of China (from the Xishuangbanna to Hengduan Mountains) (Chen, Gao & Wen, 2005; Chen et al., 2007; Cheng et al., 2008) , and only a few species recorded from the Palaearctic or the Afrotropical regions (Prigent & Chen, 2008) . The members of the hani complex are notable in that all were found from a zone of high elevation (c. 1600-2800 m) ranges from the Hengduan Mountain in south-west China to the Shennongjia Mountains in central China. This may indicate that the founder of this complex arose in the Hengduan mountainous area, presumably somewhere in the uplifting Qinghai-Tibet Plateau, and became adapted to the high elevation habitat there. The largely overlapping nature of the distributions of the two major clades within the hani complex may indicate that the founder underwent some differentiation before the expansion into adjacent areas.
